Lagenaria siceraria (MOL.) STANDL. (bottle gourd), of the family Cucurbitaceae, is a climbing perennial plant widely cultivated as a vegetable crop in Taiwan and has been used as a folk medicine for detoxification. Previous investigations demonstrated that the crude extracts of fruits of L. siceraria possess antiinflammatory activity. 1) There are also reports of the isolation of some flavonoids glycosides 2) and cucurbitane-type triterpenes 3) from the fruit of this plant. In our preliminary assay, the methanolic extract of the stems of L. siceraria exhibited cytotoxic activity against the SK-Hep-1 cell line (human hepatoma), which led us to investigate its bioactive principles. This resulted in the isolation of four new D:C-friedooleanane-type triterpenes, 3b-O-(E)-feruloyl-D:Cfriedooleana-7,9(11)-dien-29-ol (1), 3b-O-(E)-coumaroyl-D:Cfriedooleana-7,9(11)-dien-29-ol (2), 3b-O-(E)-coumaroyl-D:Cfriedooleana-7,9(11)-dien-29-oic acid (3), and methyl 2b,3b-dihydroxy-D:C-friedoolean-8-en-29-oate (6), together with five known triterpenes with the same skeleton, 3-epikarounidiol (4), 4) 3-oxo-D:C-friedoolena-7,9(11)-dien-29-oic acid (5), 4) bryonolol (7), 5) bryononic acid (8) , 6) and 20-epibryonolic acid (9) . 7) This paper deals with the extraction, purification, and structural elucidation of those constituents on basis of spectroscopic analysis, as well as the antineoplastic in vitro evaluation of these compounds.
Compound 1 was isolated as a colorless amorphous solid. Its HR-EI-MS spectrum showed a molecular ion peak at m/z 616.4132, which corresponded to the molecular formula of 3) and its EI-MS spectrum displayed a molecular ion peak at m/z 442. Thus compound 7 was also considered to be a D:C-friedoolean-8-ene-type triterpene. The 1 H-NMR data of methyls of 7 were consistent with those of the known compound, bryonolol, which is the hydrolysis product of bryonolol diacetate, isolated from the seeds of Trichosanthes kirilowii by Akihisa et al. 4) In the paper, we reported the full assignments of 1 H-and 13 C-NMR chemical shift of 7 for the first time. These D:C-friedooleane-type triterpenes were evaluated for their cytotoxic activity against human hepatoma SK-Hep 1 cells with etoposide as a positive control (IC 50 ϭ2.2 mg/ml). After 48 h of culture, compounds 3 and 9 exhibited significant growth inhibitory activity against the SK-Hep 1 cell line with IC 50 of values 4.8 and 2.1 mg/ml, respectively. The other compounds were inactive with IC 50 values of more than 10 mg/ml.
Experimental
General Experimental Procedures Optical rotations were measured using a JASCO DIP-180 digital spectropolarimeter. UV spectra were measured in MeOH on a Shimadzu UV-1601PC spectrophotometer. IR spectra were recorded on a Nicolet 510P FT-IR spectrometer. NMR spectra were recorded in CDCl 3 at room temperature on a Varian Mercury plus 400 NMR spectrometer, and the solvent resonance was used as an internal shift reference (TMS as standard). The 2D NMR spectra were recorded using standard pulse sequences. EI-MS and HR-EI-MS were recorded on a Finnigan TSQ-700 and a JEOL SX-102A spectrometer, respectively. TLC was performed using silica gel 60 F 254 plates (Merck). Column chromatography was performed on silica gel (230-400 mesh ASTM, Merck). HPLC was performed using a Lichrosorb silica gel 60 (5mm) column (250ϫ10 mm).
Plant Material The stems of L. siceraria were collected in Ping-Tung, Taiwan, in July 2005. The plant material was identified by Prof. Sheng-Zehn Yang, Department of Forestry, National Pingtung University of Science and Technology. A voucher specimen was deposited in the Herbarium of that institution.
Extraction and Isolation Air-dried pieces of the stems of L. siceraria (19.4 kg) were extracted three times with methanol (90 l) at room temperature (7 d each). The MeOH extract was evaporated in vacuo to give a black residue, which was suspended in H 2 O (3 l), and then partitioned sequentially using EtOAc and n-BuOH (3 lϫ3). The EtOAc fraction (195 g) was chromatographed over silica gel, using mixtures of n-hexane and EtOAc of increasing polarity as eluents. Twenty-two fractions were collected: fr. Assay of Cytotoxicity The cytotoxicity of compounds 1-9 was measured using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] colorimetric method based on the procedure reported in the literature.
10) SK-Hep 1 cell lines were maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum, L-glutamine 2 mM, 1% penicillin/streptomycin (penicillin 10000 U/ml and streptomycin 10 mg/ml) in a humidified atmosphere of 5% CO 2 at 37°C. A volume of SK-Hep 1 cells 100 ml at a density of 1ϫ10 5 cells/ml was incubated under the same conditions for 24 h in a 96-well flat-bottomed microplate. Test samples dissolved in DMSO were added to the medium and incubated for 48 h. Subsequently, the wells were incubated with MTT (100 ml/well concentrated at 5 mg/ml) at 37°C for 4 h. After removing the supernatant, 200 ml of DMSO was added to redissolve the formazan crystals. The absorbance of the resulting formazan was read using an enzyme-linked immunosorbent assay plate reader at 550 nm. The results were assayed in triplicate experiments. The ratio of cell viability (%) was calculated using the following formula: [(experimental absorbanceϪbackground absorbance)/(control absorbanceϪbackground absorbance)]ϫ100. The IC 50 value resulting from 50% inhibition of cell growth was calculated graphically as a comparison with the control.
